ABSTRACT
I. INTRODUCTION
In the past several years the lower hybrid drift instability1 has attracted considerable interest within the plasma physics community, since it is likely that this mode limits plasma confinement in theta pinches and field-reversed configurations. This instability was simulated by two of the authors previously in the low drift velocity regime ( vd« vti ) by using an one- At zero plasma beta and zero electron temperature, we found that the lower hybrid drift instability is stabilized by current relaxation due to both ion quasilinear diffusion4-5 and electron ExB trapping7. According to Drake and Huba7, electrons with a drift velocity (including both the zeroth order and the perturbed ExB drift velocity in the y direction) which is greater than or equal to the wave phase velocity, are in resonance with the wave, and can become trapped.
dimensional, electrostatic particle hybrid code2. v=« V&-vdi is the difference between the elec tron and ion cross-field velocities, and vti*=(Tjmyh is the ion thermal velocity. It was found that if the relative electron-ion drift velocity is kept constant in time, which models a finite beta plasma3 , ion trapping causes saturation of the instability. If this drift is allowed to decrease consistent with momentum balance, which is related to the zero beta plasma case, then satura tion is due to current relaxation4,5 . Two dimensional particle simulations of this instability with a finite plasma beta value for large drift velocities ( vd» va ) were performed by Winske and Liewer6 . Ion trapping was also the saturation mechanism in their simulations. Our object in this paper is to study the lower hybrid drift instability at zero plasma beta in the low drift velocity regime with both a two dimensional electrostatic simulation code and a nonlocal theory.

A slab configuration is used with a density gradient in x (Fig. 1). In the initial Vlasov equilibrium, the ion pressure gradient balances the zeroth order ambipolar electric force on the ions. Since the characteristic frequency of the lower hybrid drift instability is much greater than the ion cyclotron frequency, the ions may be treated as unmagnetized particles.
Simulations show good agreement of the measured local growth rates and frequencies with the results of local theory4 during the early stage of wave growth when the wave energy is mostly localized at the region jto where electrons have the largest
This electron ExB trapping was observed in the simulation. The trapping caused local current relaxation by modificating of the electron density profile. The neighborhood of the point where the electrons have the greatest relative drift velocities is the most unstable region according to local theory. In this region, we found that the current relaxes by modification of the ion velo city distribution function as well.
In Sec. II, a description of the simulation model and initial equilibrium is presented.
Comparisons of observed linear, local properties of the lower hybrid drift instability with linear local theory are made and given in Sec. IIIA. Section IIIB is devoted to nonlocal effects of the lower hybrid drift instability. Anonlocal theory is presented. Current relaxation caused by ion quasilinear diffusion and electron ExB trapping is discussed in Sec. IV. Conclusions are given in Sec. V.
II. SIMULATION MODEL AND INITIAL EQUILIBRIUM
In our simulations, a slab configuration was assumed and the Vlasov equilibria are func tions of xonly. All the zeroth order drift velocities are in the ydirection and the uniform mag netic field is in the zdirection. The simulations were carried out in the x-y plane by using the two-dimensional electrostatic, fully nonlinear particle code, EZOHAR8-9 . In EZOHAR, the boundary conditions along x are inversion symmetry9 at the high density side and a reflecting boundary at the low density side. The simulation system is periodic in the ydirection.
Since the mode frequency of the lower hybrid drift instability is much higher than the ion cyclotron frequency, ions are assumed to be unmagnetized. In the equilibrium, it was assumed 
Let the ion distribution function /,(//,) be exponential, as
Rewrite Eq. (2) as a product,
Here
is the Maxwellian distribution. The ion density profile is •
/io is the ion density at *=*0.
Similarly, the electron equilibrium distribution function is a function of two electron invariants: energy, //,=» mev2/2-e<f>(x) (6) and the guiding center position X" x-Vy/atce .
Let the electron distribution function fe(He,X) be given as 
(13) (14) and Eq.
(5), n,(x) and ne{x) can be determined by choosing an appropriate E(x) , where
ne(x) is the electron particle density. The E field with the form
which gives a peak value as -£0 at x=x0=»Z.sinh"1(l) , was chosen in our simulations. There fore, the ion density profile is
The electron density ne can be obtained by substituting Eqs. (15) and (16) 
The Fourier component <^(*) of the perturbed potential, was solved for numerically by using Eq. (20) , and is shown in Fig. 5(b that those resonant electrons have stabilizing effects on the lower hybrid drift instability. Sup pose that the plasma has a density profile similar to the density profile shown in Fig. 2(a) , and the electron ExB drift velocity as function of x is similar to the drift velocities in Fig. 2(b) ; then there are two places in the system that electron drift velocities equal the y phase velocity of the wave excited at the most unstable region. One resonant point is near the center of the plasma ( x=sl.2 in Fig. 2(b) ), and another is at the outer edge of the plasma (outside of our simulation system in Fig. 2(b) ). Therefore, when the lower hybrid drift wave is excited at the largest drift velocity region, the wave packet will travel in x to these two electron resonant points, where it dumps wave energy into the resonant electrons.
IV. SATURATION MECHANISMS
Saturation mechanisms of the lower hybrid drift instability in a uniform magnetic field at zero plasma beta and zero electron temperature were studied. Simulation results show that the lower hybrid drift instability is stabilized by current relaxation which is due to both ion quasil inear diffusion and electron ExB trapping. According to local theory, the neighborhood of the point where electrons have the largest relative drift velocities is the most unstable region. In this region, we found that the current relaxes by modification of the ion velocity distribution function. Figures 7(a) and (b) are ion velocity distribution functions, averaged in x over the whole system, versus vx and vy , respectively, for v£(/vr/=0.6 from a single mode simulation.
Small modifications of the ion distribution function occurred after saturation. The slight flattening around a small negative vx in Fig. 7(a) shows that the wave propagates in the nega tive x direction. Similarly, Fig. 7(b) shows that the wave also propagates in the positive y direction. Hence, the lower hybrid drift mode propagates up the density gradient For a larger drift velocity, the lower hybrid drift wave is more localized around the most unstable region. 
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